In this simple, sensitive, and rapid enzymatic method for the determination of oxalate in urine or plasma, oxalate oxidase (EC 1.2.3.4) prepared from barley seedlings is used to convert oxalate to carbon dioxide and hydrogen peroxide, which is determined photometrically at 600 nm, with use of horseradish peroxidase, by oxidative coupling of 3-methyl-2-benzothiazoline hydrazine with N,N-dimethylaniline.Plasma is pre-treated by ultrafiltration and co-precipitation of oxalate with calcium sulfate and ethanol, urine by dilution and reversed-phase chromatography on Cl 8 columns. Analytical recovery for urine is 99 ± 2%, for plasma 92 ± 3%. The normal range for urinary excretion is 0.10 to 0.56 mmol/24 h, and for the concentration in plasma 0.4 to 3.7 j.tmol/L. There were no significant sex-related differences in urinary excretion or plasma concentration. Our within-and between-assay coefficients of variation were, respectively, <3.4% and
Sodium oxalate (internal standard): 0.3 and 1.0 mmol/L in succinate buffer.
Color reagent: 125 MLof N,N-dimethylaniline, 5 mg of 3-methyl-2-benzothiazoline hydrazine hydrochloride, and 2.5 mL of peroxidase were dissolved in 100 mL of succinate buffer immediately before use and shielded from light with aluminum foil.
Equipment. Absorbance was measured with an RRP photometer (Vitatron, Dieren, Netherlands); pH with a PHM 62 pH meter (Radiometer, Copenhagen, Denmark) with an Amagruss C-1016 electrode (Russell, Helmstadt, F.R.G.); reaction rates with a PU-8800 spectrophotometer (Phillips, Eindhoven, Netherlands). For reversed-phase chromatography we used a Vac-Elut vacuum extraction system (Analytichem, Harbor City, CA) and Bond Elut octadecyl silane bonded silica C18 columns containing 200 mg of sorbent (Analytichem). For ultrafiltration we used Centriflo CF-25 membrane cones (Amicon, Danvers, MA), washed with distilled water and centrifuged for 15 miii at 1000 x g before use.
Procedure
Sampling. Heparinized blood was processed within 4 h after collection. Plasma was stored at -20 #{176}C for not longer than five days. Oxa.late concentrations remain stable for seven days at -20 #{176}C and for 100 days at -70 #{176}C.
Twenty-four-hour urine specimens were collected in bottles containing 10 mL of concentrated hydrochloric acid. The oxalate concentrations remain stable for at least six months at -20 #{176}C.
Pre -treatment. Wash C18 columns once with ammonia (10 moIJL)/methanol (1:99 by vol), twice with methanol, and twice with distilled water.
Plasma: Mix 4.75 mL of plasma and either 0.25 mL of succinate buffer or internal oxalate standard (0.3 mmol/L), pour into an Aniicon cone, and centrifuge for 1 h (4#{176}C, 1000 x g). Mix 1.0 mL of filtrate (in triplicate) in plastic conical tubes with 0.5 mL of 9.7 mmoIJL CaSO4 and 3 mL of absolute ethanol. After at least 2 h of precipitation, centrifuge the mixture at 3000 x g. Aspirate the supernate.
Urine: Dilute 1.0 mL of acidified urine with 4.0 mL of succinate buffer. Mix 1.8 mL of this diluted urine with 0.2 mL of either succinate buffer or internal oxalate standard (1.0 mmol/L). Apply 1 mL of this solution onto a C18 column and collect the effluent in a plastic tube. Wash the column 
Results

Analytical Variables
Linearity.
The relation between analyte concentration and color intensity was evaluated for water, urine, and plasma. The relation was linear up to an absorbance (A) of 0.800. The upper concentration limit for linearity is 1.00 mmol/L for urine and 20 zmol/L for plasma. Samples with higher concentrations must be diluted and re-assayed.
Color development time. The color development of the indamine dye was monitored for 2 h in water, urine, and plasma. In all cases the reaction was complete by 20 mm (Figure 1) . Detection limit. The detection limit, defined as the concentration which gives a difference in absorbance twice the standard deviation of the reagent blank, was 0.08 pmol/L for both urine and plasma.
Analytical recovely. Recovery was evaluated after adding 60 Bq of [14C]oxalate to urine or plasma before pre-treatment, both to samples with and without added unlabeled
The recovery values for urine with and without addition of unlabeled oxalate (n = 10) were 98 ± 3% and 99 ± 2% (P >0.05) and for plasma (n = 10) 90 ± 3% and 91 ± 2% (P >0.05),
respectively.
Precipitation time for plasma. The precipitation time for plasma was evaluated by adding 60 Bq of ['4Cloxalate, followed by measurement after 2,4,8, and 24 h of precipitation. Mass analytical recoveries were 82% (SD 3%), 83% (SD 3%), 86% (SD 3%), and 85% (SD 3%), respectively. These values are not significantly different by analysis of variance and the studentized Newman-Keuls test (P >0.05).
Dilution
of urine. Processing of undiluted urine resulted in incomplete color development of the indamune dye. Color development was maximal when urine was diluted at least fivefold ( Figure 2 We assessed the effect of removal of ascorbic acid with sodium nitrite (10) and ascorbate oxidase (11). Four randomly selected urine samples with ascorbic acid concentrations of 0, 1, and 2 mmol/L were processed as described under Methods.
Removal with NaNO2: 10 uL of 100 mmoL'L NaNO2; 0.2 mL of extract (see urine pre-treatment).
A yellow color appeared both in samples and blanks, probably as the result of disturbance by NaNO2.
Removal with ascorbate aridase: (a) as described by Crawford et al. 
Coefficients of Variation
The within-and between-assay CVs are given in Table 3 .
Reference Values
Reference values for oxalate in urine and plasma were obtained from data on healthy subjects who had been on an oxalate-restricted diet (14) for two days. We compared the method presented in this paper with other published methods in which oxalate oxidase in combination with 3-methyl-2-benzothiazoline hydrazine/N,N-dmmethylaniline (or 3-dimethylaininobenzoic acid) was used (Table 4) . We found no significant sex-related differences. (3, 7) . The concentrations in plasma found with the new method were about twofold lower than with the old one and approached the values obtained with in vivo isotope determinations, which may be considered as "true" values (23) . This suggests that the new method is superior to the one we previously use
